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CLAIMS 
[Claim(s)] 

[Claim 1] In the fuel injector of the internal combustion engine which possesses two or more 
cylinders, separates a time gap from the main injection in 1 combustion cycle of each cylinder, 
and was made to perform auxiliary injection The fuel injection timing of the main injection of 
each cylinder and auxiliary injection is computed, respectively. The fuel injector of the internal 
combustion engine into which change the fuel injection timing of this auxiliary injection, and 
kept these fuel injection timing from overlapping mutually without changing the fuel injection 
timing of this main injection when the fuel injection timing of the main injection of one cylinder 
and the fuel injection timing of the auxiliary injection of other cylinders overlap mutually. 
[Claim 2] While providing two or more cylinders, separating the 1st time gap from the main 
injection in 1 combustion cycle of each cylinder and performing the 1st auxiliary injection In the 
fuel injector of the internal combustion engine which separates the 2nd time gap shorter than 
the 1st time gap from the main injection, and was made to perform the 2nd auxiliary injection 
The fuel injection timing of the 1st and 2nd auxiliary injections of each cylinder is computed, 
respectively. When the fuel injection timing of the 1st auxiliary injection of one cylinder and the 
fuel injection timing of the 2nd auxiliary injection of other cylinders overlap mutually being alike 
- the fuel injector of the internal combustion engine into which change the fuel injection timing 
of this 1st auxiliary injection, and kept these fuel injection timing from overlapping mutually 
without changing the fuel injection timing of this 2nd auxiliary injection. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the fuel injector of an internal combustion 
engine. 
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[0002] 

[Description of the Prior Art] The fuel injector of the internal combustion engine which 
possesses two or more cylinders, separates a time gap from the main injection in 1 
combustion cycle of each cylinder, and was made to perform auxiliary injection, i.e., for 
example, pilot injection, is well-known (refer to JP,H6-129296,A). 
[0003] 

[Problem to be solved by the invention] However, the fuel injection timing of the main injection 
of one cylinder and the fuel injection timing of the auxiliary injection of other cylinders may 
overlap mutually in this case. Two or more fuel injection valves prepared for an organization 
are usually connected to the common power supply, and electric power is supplied only for the 
period which should open, the period, i.e., the fuel injection valve, which should inject fuel. 
Therefore, since it becomes impossible to supply sufficient electric power to perform regular 
fuel injection to a fuel injection valve when the fuel injection timing of two or more fuel injection 
overlaps mutually in this way, there is a trouble that there is a possibility that actual fuel oil 
consumption may shift from required fuel quantity. 

[0004] Such a trouble may be produced, also when a time gap is separated from the main 
injection in 1 combustion cycle of each cylinder and two or more auxiliary injections are made 
to be performed. Then, the purpose of this invention is to offer the fuel injector of the internal 
combustion engine which can maintain actual fuel oil consumption to required fuel quantity. 
[0005] 

[Means for solving problem] In the fuel injector of the internal combustion engine which 
according to the 1st invention possesses two or more cylinders, separates a time gap from the 
main injection in 1 combustion cycle of each cylinder, and was made to perform auxiliary 
injection in order to solve the above-mentioned technical problem The fuel injection timing of 
the main injection of each cylinder and auxiliary injection is computed, respectively. Without 
changing the fuel injection timing of this main injection, when the fuel injection timing of the 
main injection of one cylinder and the fuel injection timing of the auxiliary injection of other 
cylinders overlap mutually, the fuel injection timing of this auxiliary injection is changed, and 
these fuel injection timing is kept from overlapping mutually. That is, in the 1st invention, since 
one fuel injection timing is changed when the fuel injection timing of two fuel injection overlaps 
mutually, the fuel oil consumption of these fuel injection is maintained by required fuel quantity. 
Moreover, at this time, since the fuel injection timing of the main injection is not changed, 
influence on an engine output or exhaust air is reduced. 

[0006] Moreover, in order to solve the above-mentioned technical problem, while according to 
the 2nd invention providing two or more cylinders, separating the 1st time gap from the main 
injection in 1 combustion cycle of each cylinder and performing the 1st auxiliary injection In the 
fuel injector of the internal combustion engine which separates the 2nd time gap shorter than 
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the 1st time gap from the main injection, and was made to perform the 2nd auxiliary injection 
The fuel injection timing of the 1st and 2nd auxiliary injections of each cylinder is computed, 
respectively. Without changing the fuel injection timing of this 2nd auxiliary injection, when the 
fuel injection timing of the 1st auxiliary injection of one cylinder and the fuel injection timing of 
the 2nd auxiliary injection of other cylinders overlap mutually, the fuel injection timing of this 1st 
auxiliary injection is changed, and these fuel injection timing is kept from overlapping mutually. 
That is, since one fuel injection timing is changed when even the 2nd invention overlaps 
mutually [ the fuel injection timing of two fuel injection ], the fuel oil consumption of these fuel 
injection is maintained by required fuel quantity. Moreover, since the fuel injection timing of the 
2nd auxiliary injection with the smaller time gap from the main injection is not changed, 
influence on an engine output or exhaust air is reduced. 
[0007] 

[Mode for carrying out the invention] Drawing 1 shows the case where this invention is applied 
to a Diesel engine. However, this invention is also applicable to a jump-spark-ignition type 
organization. If drawing 1 is referred to, the organization main part 1 possesses four cylinder 
#1 , #2, #3, and #4. Each cylinder is connected to the common surge tank 3 through the 
corresponding Intake-air branch pipe 2, respectively, and a surge tank 3 is connected to the 
Deguchi part of the compressor 6c of a supercharger 6, for example, an exhaust air 
turbocharger, through the air intake duct 4 and an intercooler 5. The entrance part of 
Compressor 6c is connected to an air cleaner 8 through the air suction tubing 7. In a surge 
tank 3 and the air intake duct 4 between intercoolers 5, the throttle valve 10 driven with an 
actuator 9 is arranged. In addition, the variable nozzle mechanism 6v in which the effective 
area product can be changed is attached to exhaust air inflow opening of 6t of exhaust steam 
turbines. If exhaust air inflow opening area of 6t of exhaust steam turbines is made small 
according to the variable nozzle mechanism 6v, charge pressure can be raised also at the time 
of organization low rotation operation with low exhaust gas pressure. 
[0008] On the other hand, each cylinder is connected to the entrance part of 6t of exhaust 
steam turbines of the exhaust air turbocharger 6 through the exhaust manifold 1 1 and an 
exhaust pipe 12. The Deguchi part of 6t of exhaust steam turbines minds an exhaust pipe 13, 
and is NOX. It connects with the casing 15 which held the reduction catalyst 14, and the 
exhaust air throttle valve 18 driven with an actuator 17 is arranged in the exhaust pipe 13 by 
which a casing 15 is connected to an exhaust pipe 16. NOX The reduction catalyst 14 
possesses the zeolite which supported copper. This NOX The reduction catalyst 14 is NOX 
also in oxidization atmosphere, if a reducing agent like HC and CO is contained during the 
flowing exhaust air. It can return. In addition, the combustion order of an organization 1 is #1- 
#3-#4-#2. 

[0009] Each cylinder possesses the fuel injection valve 20 which carries out direct injection of 
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the fuel into a fuse-tube. The amount of discharge is connected to the controllable fuel pump 
22 through the accumulator for fuel or a common rail 21 with each common fuel injection valve 
20. It connects with the fuel tank (not shown) through the low pressure pump (not shown), the 
fuel breathed out from the fuel pump 22 is supplied to a common rail 21 , and, subsequently to 
each fuel injection valve 20, the fuel pump 22 is supplied. The amount of discharge is 
controlled so that the fuel pump 22 becomes the target fuel pressure as which the fuel 
pressure in a common rail 21 was determined beforehand. In addition, this target fuel pressure 
can be defined for example, according to an engine operation state. 
[0010] If for example, an electromagnetism actuator is provided, the fuel injection valve 20 will 
open, fuel injection will be started, if an electromagnetism actuator is energized, and each fuel 
injection valve 20 is de-energized, the fuel injection valve 20 will close the valve and fuel 
injection will be suspended. Therefore, speaking roughly, performing fuel injection, only while 
the electric power supply is carried out to the fuel injection valve 20. In addition, each fuel 
injection valve 20 is connected to the common power supply which is not illustrated. 
[001 1] Furthermore, if drawing 1 is referred to, the exhaust manifold 1 1 and the air intake duct 
4 of the throttle valve 10 lower stream will be mutually connected through the exhaust-gas- 
recirculation (Following EGR is called) passage 23, and the EGR control valve 25 driven with 
an actuator 24 will be arranged in EGR passage 23. The electronic control unit (ECU) 30 
consists of a digital computer. Bidirection Bath 31 is minded. ROM (read-only memory)32, 
RAM (random access memory)33 and CPU (microprocessor)34 which were connected 
mutually, B-RAM (backup RAM)35 always connected to the power supply, the input control 
port 36, and the output port 37 are provided. The water temperature sensor 38 which 
generates the output voltage proportional to organization cooling water temperature Is 
attached to the organization main part 1. In the air intake duct 4 of the throttle valve 10 lower 
stream, the intake pressure sensor 39 which generates the output voltage proportional to the 
pressure in the air intake duct 4, and the intake temperature sensor 40 which generates the 
output voltage proportional to the suction air temperature in the air intake duct 4 are arranged. 
In an exhaust pipe 16, it is NOX. The exhaust temperature sensor 41 which generates the 
output voltage proportional to the temperature of the exhaust air which flowed out of the 
reduction catalyst 14 is arranged. The fuel pressure sensor 42 which generates the output 
voltage proportional to the fuel pressure in a common rail 21 is attached to a common rail 21. 
Moreover, the amount sensor 43 of treading in generates the output voltage proportional to the 
amount of treading in of the accelerator (not shown). The output voltage of these sensors 38, 
39, 40, 41, 42, and 43 is inputted into the input control port 36 through corresponding A/D 
converter 44, respectively. Moreover, whenever 30 degrees rotates, the crank angle sensor 45 
which generates an output pulse is connected to the input control port 36 for a crankshaft. In 
CPU34, the engine speed N is computed based on the output pulse of the crank angle sensor 
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45, and the suction air quantity Ga is computed based on tlie output voltage of the intake 
pressure sensor 39. 

[0012] On the other hand, the output port 37 is connected to the variable nozzle mechanism 
6v. each actuator 9, 17, 24. each fuel injection valve 20, and the fuel pump 22 through the 
drive circuit 46 which corresponds, respectively, respectively. By the way, if a common rail 21 
is formed, it will become possible to inject fuel two or more times in 1 combustion cycle of each 
cylinder. So, apart from the main injection performed in general by the circumference of a 
compression top dead center, a time gap is separated from the main injection to the angle-of- 
lead or angle-of-delay side, and it is made to perform auxiliary injection in this embodiment in 
order to generate engine output torque. As auxiliary injection, pilot injection, post injection, and 
the injection for HC supply are mentioned. 

[0013] Pilot injection injects a little fuel in advance of the main injection. This pilot injection is 
performed by the compression stroke before the main injection, i.e., a 70 before compression 
top dead center (Following BTDC is called) to 0-degree crank angle (Following OA is called) 
grade. When the time gap to the main injection is large, premixed air is formed, and when 
small, the source of ignition for carrying out ignition combustion of the fuel by the main injection 
is formed. Moreover, both pilot injection for premixed air fomiation which can also perform two 
or more pilot injections, therefore pilot injection for the source formation of ignition can also be 
performed, and pilot injection for premixed air formation can also be performed two or more 
times. It is possible to perform two pilot injections, i.e., the pilot injection for premixed air 
formation, and pilot injection for the source formation of ignition in this embodiment. 
[0014] In order to reduce the soot which is made to carry out perfect combustion of the HC in 
combustion gas or the exhaust gas, and is discharged by the organization, post injection is 
performed after the main injection is completed. As for this post injection, it is desirable to be 
carried out while the combustion flame remains in the combustion chamber, for example, it is 
carried out to the BTDCO to -30-degreeCA (after [ a compression top dead center ] 0 to 30- 
degreeCA) grade after main-injection completion. 

[0015] The injection for HC supply is NOX. It is for supplying HC (hydrocarbon) to the reduction 
catalyst 14 as a reducing agent. This injection for HC supply is carried out to the main injection 
or the BTDC-150 to -210-degreeCA grade after post injection completion. The fuel by the 
injection for HC supply is NOX, without combusting completely. NOX which results in the 
reduction catalyst 14 and flows It returns. 

[0016] The fuel injection timing of each fuel-injection operation is roughly shown in drawing 2 
(A) in the form of the valve opening period of the fuel injection valve 20. j expresses the turn or 
the kind of fuel injection by which it is carried out by 1 combustion cycle of each cylinder and in 
which it deals here - j= 1 [ namely, ] - the pilot injection for premixed air formation - j= 2 ~ the 
pilot injection for the source formation of ignition - j= 3 expresses the main injection, j= 4 
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expresses post injection, and j= 5 expresses the injection for HC supply, respectively. 
[0017] It is defined by an engine operation state to the main injection certainly being performed 
in 1 combustion cycle of each cylinder, respectively whether pilot injection, post injection, and 
injection for HC supply are performed. Therefore, the number of times of fuel injection 
performed by 1 combustion cycle of each cylinder will be changed among 1 to 5 times, and it 
will deal in it. For example, in the example shown in drawing 2 (B). fuel injection is performed 
to 1 combustion cycle of each cylinder only 4 times, and it is carried out only 3 times in the 
example shown in drawing 2 (C). 

[0018] The fuel injection timing of each fuel injection is computed as fuel injection timing 
optimal for each purpose. If it explains concretely, the fuel injection timing of the pilot injection 
for premixed air formation and the pilot injection for the source formation of ignition is fuel 
injection timing required to form good premixed air and the source of ignition, respectively. For 
example, it memorizes in ROM32 beforehand, respectively as the engine speed N and a 
function of the amount DEP of treading in of an accelerator. The fuel injection timing of the 
main injection is the optimal fuel injection timing for coinciding engine output torque with claim 
torque, and is beforehand memorized in ROM32 as the engine speed N and a function of the 
amount DEP of treading in of an accelerator. The fuel injection timing of post injection is fuel 
injection timing required to reduce HC discharged from a cylinder, and is beforehand 
memorized in ROM32, respectively as the engine speed N and a function of the amount DEP 
of treading in of an accelerator. The fuel injection timing of the injection for HC supply is NOX. 
NOX discharged from the reduction catalyst 14 It is fuel injection timing required to reduce an 
amount. Per [ NOX ] unit time NOX which flows into the reduction catalyst 14 It memorizes in 
ROM32 beforehand, respectively as a function of the suction air quantity Ga and the engine 
speed N showing an amount. 

[0019] Thus, although each fuel injection timing computed is [ as opposed to / at a meaning 
called the degree of crank angle for example, to the exhaust air top dead center of a 
corresponding cylinder / each cylinder ] common, all of these fuel injection timing take a value 
which is calculated in the form of the degree of crank angle from the exhaust air top dead 
center of a No. 1 cylinder, and is different for every cylinder in this meaning. That is, when the 
main injection of each cylinder should be performed by the compression top dead center of 
each cylinder, for example, it is set to 360-degreeCA in a No. 1 cylinder, and is set to 540- 
degreeCA in a No. 3 cylinder. 

[0020] If the fuel injection timing of each fuel injection computed as mentioned above is seen 
about four cylinders, it will become like drawing 3 . In addition, in drawing 3 , TDC expresses 
the exhaust air top dead center of each cylinder. Reference of drawing 3 will superimpose 
mutually the fuel injection timing of the injection for HC supply of 1 No. cylinder #1, and the fuel 
injection timing of the main injection of 3 No. cylinder #3 when combustion is succeedingly 
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carried out to combustion of 1 No. cylinder #1 in this example. Moreover, depending on a 
setup of the fuel injection timing of each fuel injection, or the number of cylinders, the fuel 
injection timing of the fuel injection timing of the injection for HO supply of 1 No. cylinder #1, 
the pilot injection for premixed air formation of 3 No. cylinder #3, the pilot injection for the 
source formation of ignition, or post injection may overlap mutually. Or the fuel injection timing 
of the pilot injection for the source formation of ignition of 1 No. cylinder #1 to which the fuel 
injection timing of the pilot injection for premixed air formation of 3 No. cylinder #3 precedes 
with combustion of 3 No. cylinder #3, and combustion is performed, the main injection, or post 
injection may overlap mutually. 

[0021] However, the following nonconformities will be produced if fuel injection timing overlaps 
mutually in this way. That is, since two or more fuel injection valves 20 prepared for an 
organization are connected to the common power supply, when fuel injection timing overlaps 
mutually, there is a possibility that it may become impossible to supply sufficient electric power 
to perform regular fuel injection to the fuel injection valve 20, and actual fuel oil consumption 
may shift from required fuel quantity thus. Moreover, when fuel injection timing overlaps 
mutually, two or more fuel injection will be perfomied simultaneously. In this case, there is also 
a possibility that there may be a possibility that actual fuel-injection pressure may shift from the 
fuel-injection pressure used as a target since the fuel pressure in a common rail 21 is changed 
rapidly, or big pressure pulsation may occur in a common rail 21. 

[0022] Therefore, when the computed fuel injection timing overlaps mutually, it is necessary to 
change fuel injection timing so that fuel injection timing may not overlap mutually. However, 
since the fuel injection timing computed as mentioned above is the time optimal for combustion 
or exhaust performance, it is desirable not to change fuel injection timing as much as possible. 
Then, without preparing a priority in fuel injection and a priority changing the fuel injection 
timing of the fuel injection of a high order, a priority changes the fuel injection timing of low- 
ranking fuel injection, and fuel injection timing is kept from overlapping mutually by that cause 
in this embodiment. 

[0023] When the fuel injection timing is changed, as for the priority of fuel injection, let the thing 
which has the large grade in which combustion or exhaust performance gets worse be a high 
order. Specifically, the main injection is made into the top. It is because the fuel injection timing 
of the main injection has biggest influence on combustion or exhaust performance. Moreover, 
you should not change the fuel injection timing of the main injection from the field of birth of 
engine output torque, either. 

[0024] Subsequently, it is considered as post injection. It is because post injection is for 
carrying out perfect combustion of the HQ as mentioned above, so the fuel injection timing of 
the influence which it has on combustion or exhaust performance is large. Subsequently, it is 
considered as the pilot injection for the source fomriation of ignition. It is because it depends for 
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the ignition time of premixed air on the fuel injection timing of the pilot injection for the source 
formation of ignition greatly and depends for combustion or exhaust performance greatly at the 
ignition time of premixed air. Subsequently, it is considered as the pilot injection for premixed 
air formation. It is because it depends on the fuel injection timing of the pilot injection for 
premixed air formation for time to be spread by the time the fuel by the pilot injection for 
premixed air formation is lit. The lowest is considered as the injection for HC supply. It is 
because injection for HC supply is performed after combustion is completed. 
[0025] On the other hand, it can have big influence on combustion or exhaust performance as 
fuel injection with a small time gap from the fuel injection timing of the main injection. 
Therefore, the view that a priority is high is also made as fuel injection with a small time gap 
from the main injection. In addition, although not shown in drawing 2 and drawing 3 , it is also 
possible to separate a time gap mutually and to perform pilot injection for premixed air 
formation two or more times. In this case, the pilot injections for premixed air formation 
Namely, priority is given to the pilot injection for premixed air formation with the smaller time 
gap from the main injection which corresponds when the fuel injection timing of the pilot 
injection for premixed air formation of a certain cylinder and the fuel injection timing of the pilot 
injection for premixed air formation of other cylinders overlap mutually. That is, the fuel 
injection timing is not changed but the fuel injection timing of the pilot injection for premixed air 
formation with the larger time gap from the main injection is changed. Since the same may be 
said of the pilot injection for the source formation of ignition, description is omitted. 
[0026] A calculation operation of such fuel injection timing is performed for every compression 
top dead center of the calculation timing defined beforehand, for example, a No, 3 cylinder. 
This calculation timing is shown that it is also with an arrow in drawing 3 . That is, the fuel 
injection timing of the fuel injection performed in each cylinder, for example, the m-th 
combustion cycle, is computed by the compression top dead center of eye a time which is a 
No. 3 cylinder (m-1). At this time, as for the fuel injection performed by the m-th combustion 
cycle of each cylinder, fuel injection timing does not overlap mutually. 
[0027] Furthermore, if drawing 3 is referred to, even if the m-th combustion cycle of a No. 1 
cylinder begins, the combustion cycle of eye a time (m-1) of the remaining cylinders will not be 
completed. Therefore, [ until ] if the period after the m-th combustion cycle of a No. 1 cylinder 
is started, until the combustion cycle of eye a time (m-1) of a No. 2 cylinder is completed is 
called an overlap period This overlap period will say that the m-th combustion cycle and the 
combustion cycles of eye a time (m-1) overlap mutually. 

[0028] In this overlap period, the fuel injection timing of the fuel injection performed by the m-th 
combustion cycle to precede and the fuel injection timing of the fuel injection performed by the 
consecutive combustion cycle of eye a time (m-1) may overlap mutually. So, when such fuel 
injection timing overlaps mutually, he follows the above-mentioned priority and is trying to 
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change one [ a gap or ] fuel injection timing. 

[0029] In this case, if the priority of the fuel injection performed by the m-th combustion cycle is 
a low rank, and the fuel injection timing of this fuel injection is changed, it will end. It is because 
the fuel injection timing of the fuel injection performed by the m-th combustion cycle is 
computed at this time. However, calculation has already completed the fuel injection timing of 
this fuel injection as the priority of the fuel injection performed by the combustion cycle of eye a 
time (m-1) is a low rank. Then, he is trying to recalculate what should be changed among the 
fuel injection timing of the fuel injection performed by the combustion cycle of eye a time (m-1) 
in this case in the calculation timing for the fuel injection timing of the fuel injection performed 
by the m-th combustion cycle. 

[0030] Therefore, the fuel injection timing of the fuel injection performed by the time which the 
m-th combustion cycle of a No. 2 cylinder completes is computed in the compression top dead 
center of eye a time which is a No. 3 cylinder (m-1) from the time which the m-th combustion 
cycle of a No. 1 cylinder starts. The fuel injection timing of the fuel injection performed by being 
this calculation within the limits does not overlap mutually. Thus, when the computed fuel 
injection timing overlaps mutually, the fuel injection timing of low-ranking fuel injection is 
changed for a priority. When the fuel injection timing of the changed result overlaps the fuel 
injection timing of another fuel injection, according to the priority of these between, a change of 
fuel injection timing is made further. 

[0031] Unless fuel injection timing overlaps, you may change fuel injection timing how. 
However, since combustion or exhaust performance may fall if fuel injection timing is changed 
as mentioned above, you should change fuel injection timing so that combustion or influence 
on exhaust performance may become as small as possible. So, in this embodiment, it is 
changed so that the time gap from the fuel injection timing of the corresponding main injection 
may become large, when fuel injection timing should be changed. That is, about the object for 
premixed air formation or the pilot injection for the source formation of ignition performed in 
advance of the main injection, the angle of lead of the fuel injection timing is carried out, and 
the angle of delay of the fuel injection timing is carried out about the post injection or the 
injection for HC supply performed following the main injection. 

[0032] As mentioned above, final fuel injection timing is called for by changing the fuel injection 
timing when the priority was computed about low-ranking fuel injection, when the computed 
fuel injection timing overlaps mutually. It will be said that fuel injection timing when the priority 
was computed about the fuel injection of the high order is made into fuel injection timing final 
as it is. Moreover, also when the computed fuel injection timing does not overlap mutually, let 
computed fuel injection timing be fuel injection timing final as it is. 
[0033] Drawing 4 shows the calculation routine of fuel injection timing. This routine is 
performed by interruption for every setup time defined beforehand. Reference of drawing 4 will 
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first distinguish whether it is the calculation timing of the present fuel injection timing, for 
example, the compression top dead center of a No. 3 cylinder, at Step 100. When it is not the 
calculation timing of the present fuel injection timing, a processing cycle is ended, when it is 
the calculation timing of the present fuel injection timing, subsequently to Step 1 01 it 
progresses, and it is computed based on the map which the fuel injection timing of each fuel 
injection mentioned above. At continuing Step 102, it is distinguished whether the fuel injection 
to which the computed fuel injection timing overlaps the fuel injection timing of the main 
injection exists. It progresses to Step 104, after progressing subsequently to Step 103, in 
progressing to Step 104 when the fuel injection to which the computed fuel injection timing 
overlaps the fuel injection timing of the main injection does not exist, and existing. At Step 103, 
the fuel injection timing of the fuel injection which overlaps the fuel injection timing of the main 
injection is changed, without changing the fuel injection timing of the main injection. In this 
case, it is changed so that the fuel injection timing of the main injection may not be overlapped. 

[0034] At Step 104, it is distinguished whether the fuel injection to which the computed fuel 
injection timing overlaps the fuel injection timing of auxiliary injection exists. It progresses to 
Step 106, after progressing subsequently to Step 105, in progressing to Step 106 when the 
fuel injection to which the computed fuel injection timing overlaps the fuel injection timing of 
auxiliary injection does not exist, and existing. At Step 105, the fuel injection timing of the fuel 
injection which overlaps the fuel injection timing of auxiliary injection is changed, without 
changing the fuel injection timing of auxiliary injection. In this case, it is changed so that the 
fuel injection timing of the main injection and auxiliary injection may not be overlapped. 
[0035] At Step 106, it is distinguished whether the fuel injection to which the computed fuel 
injection timing overlaps the fuel injection timing of the pilot injection for the source formation of 
ignition exists. It progresses to Step 108, after progressing subsequently to Step 107, in 
progressing to Step 108 when the fuel injection to which the computed fuel injection timing 
overlaps the fuel injection timing of the pilot injection for the source formation of ignition does 
not exist, and existing. At Step 107, the fuel injection timing of the fuel injection which overlaps 
the fuel injection timing of the pilot injection for the source formation of ignition is changed, 
without changing the fuel injection timing of the pilot injection for the source formation of 
ignition. In this case, it is changed so that the fuel injection timing of the main injection, 
auxiliary injection, and the pilot injection for the source formation of ignition may not be 
overlapped. 

[0036] At Step 108, it is distinguished whether the fuel injection to which the computed fuel 
injection timing overlaps the fuel injection timing of the pilot injection for premixed air formation 
exists. It progresses to Step 108, after progressing subsequently to Step 109, in progressing to 
Step 108 when the fuel injection to which the computed fuel injection timing overlaps the fuel 
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injection timing of the pilot injection for premixed air formation does not exist, and existing. At 
Step 109, tlie fuel injection timing of the fuel injection which overlaps the fuel injection timing of 
the pilot injection for premixed air formation is changed, without changing the fuel injection 
timing of the pilot injection for premixed air formation. In this case, it is changed so that the fuel 
injection timing of the main injection, auxiliary injection, the pilot injection for the source 
formation of ignition, and the pilot injection for premixed air formation may not be overlapped. 
[0037] 

[Effect of the Invention] Actual fuel oil consumption is maintainable to required fuel quantity. 



[Translation done.] 
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